Design and Description of Water Boiler Reactors

By L. D. P. King,* USA

I. INTRODUCTION

It is the purpose of this paper to give a brief survey
of the origin, design, and operating characteristics of
water boiler type reactors. Through long usage the
name “ Water Boiler,” in the reactor field, has become
associated with small enriched homogeneous reactors.
Basically the water boiler consists of a container filled
with enriched uranium and water solution surrounded
by a neutron reflector, a set of control rods to adjust
the criticality, and usually a gas handling system.

The first need of a water boiler type assembly arose
early in 1943 when it became necessary to know the
critical-mass of homogeneous solutions of U?¥® in
various concentrations and moderating media. The
purpose of this assembly was not only to provide
critical mass data but also to provide experience in
the operation and control of an enriched chain reacting
assembly. This unit soon became known as Lopo (low
power) since it was operated at essentially zero power
in order to simplify the overall design.

As a result of the successful operation and experi-
ence gained from Lopo, it seemed desirable to con-
struct a power unit to be used as a strong neutron
source for various experiments. This first power water
boiler called Hypo (high power), was put into opera-
tion in December of 1944. After 14,000 kilowatt hours
of operation it was decided to redesign this reactor in
order to make it a more useful research tool.

The rebuilt reactor known as Supo has been used
up to power levels of 45 kw with peak thermal fluxes
of 3.7 X 101 neutrons/cm?/sec/kw. This model of
the water boiler began operation in 1950 and is in use
at the present time after about 200,000 kilowatt-hours
of running time. This reactor has been found to be a
very versatile and reliable research tool.

From the data accumulated on Supo, it appears that
with some redesign this model of the water boiler can
produce substantially higher flux levels. A more radical
design proposal known as the Test Tube Reactor ap-
pears to have some promising features.

The Atomic Energy Research Department of North
American Aviation Inc. has constructed two water
boiler type reactors. A one-watt unit designated as
WBNS (Water Boiler Neutron Source), went into
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operation in April, 1952. A 500-watt reactor was com-
pleted in November, 1953 as a neutron source for the
Livermore Research Laboratory in California.

The North American Aviation group also has design
proposals for two 50-kilowatt reactors; one is a general
research unit which will be constructed for the Armour
Research Institute at Chicago, the second is especially
designed for medical research.

The North Carolina State College has had a 10-
kilowatt water boiler in operation since September,
1953. This reactor is used in the university research
program, especially for the training of students in re-
actor technology.

Il. TESTED WATER BOILER DESIGNS
A. Zero Power Reactor, Lopo, Los Alamos, 1944

% This reactor was really a critical assembly experi-
ment using enriched uranyl sulphate solution in water.
The zero power operating level was chosen after con-
sidering a power model in order to eliminate shielding
requirements and minimize possible troubles which
might arise in connection with radiation effects on the
solution. These potential difficulties were concerned
with holding uranium in solution, the gas evolution
from decomposition products produced by the fission
process, and the contamination of the solution by the
fission products themselves.

The design of Lopo was based on the requirement
that a minimum amount of uranium should be used.
This necessitated the use of a good reflector and the
use of materials throughout which had a minimum
neutron absorption. It was also required that there be
an accurate control of reactivity and the entire system
be as simple as possible consistent with safety.

Uranyl sulphate was chosen in preference to uranyl
nitrate since it has a lower neutron cross section and
has a larger uranium solubility. Table I lists the
components of the homogeneous mixture used in Lopo
which soon became known as ‘“soup.”

Calculations indicated that beryllium oxide would
make an excellent reflector and that a 1-ft diameter
sphere would be the proper size to minimize the
uranium requirements for a 7 per cent to 15 per cent
enriched solution. Corrosion studies showed that
stainless steel (type 347 18-8) would be a satisfactory
material to contain the solution.

The schematic design of Lopo is shown in Fig. 1.
Control of reactivity was accomplished by means of
a 34-in. long cylinder of cadmium 24 in. in diameter.
The rod could be moved remotely in a vertical direc-




o e s

e

WATER BOILER REACTORS : 373

Table I. Lopo Solution Composition

aa barns per

Element Grams Moles atom
Uzss 580 2.47 640
Uz 3378 14.19 12.1
S 534 16.66 0.45
(0] 14,068 880.4 0.0009
H 1573 1561 0.31
Stainless steel (sphere and

re-entrant tube) 1100 20 —

UO:SOUZ}ﬁHzO 4 H;0 = 15 liters
Density 1.348 at 39°C
U2 concentration 14.67 per cent

tion and set to within 0.5 thousandth of an inch. An
additional cadmium rod was used as a shutdown
safety. In order to eliminate temperature effects the
entire apparatus was enclosed in a thermostated
enclosure.

The solution could be dropped into a subcritical
geometry below the sphere when not in use. Numerous
safety features were incorporated in the design of the
solution handling system, shown in Fig. 2, so as to
eliminate accidental loss of solution.

Since this was the first chain reaction with enriched
material, many precautions were taken while ap-
proaching the critical condition. Five independent
neutron detectors placed in different positions were
used to determine the multiplication of a 200-milli-
curie radium beryllium source placed at the center of
the sphere. A zero or no multiplication reading was
obtained by filling the sphere with distilled water.
Fig. 3 illustrates how far in advance the critical mass
can be estimated by a judicious placing of the de-
tectors and source. The abscissa are normalized
reciprocal counting rates.

Reactivity was increased by first removing solution,
then adding and thoroughly mixing some more con-
centrated solution to the conical pan. The new soup
was then raised each time to a definite level in the
pipe above the sphere. The critical mass with 14 per
cent enriched uranium, for the geometry used, was
found to be 565.5 grams of U236 at 39°C,

Several measurements were made to better under-
stand the operating behavior of Lopo.

1. The control rod calibration was determined by
comparing rod position with known additions of U2,
The entire rod was equivalent to 11.3 grams of U2
which was later determined to be 6.2 X 10-3Ak/k.

2. The absolute criticality of the system or the rela-
tion between Ak and AM is of primary interest. (k is
the reproduction constant and M the total mass of
uranium in the system.) For very small changes these
quantities can be considered proportional. This pro-
portionality constant was determined by measuring
the effect on control rod position when a liquid-filled
plastic bubble was moved within the sphere. The
bubble was filled with a boron solution of equivalent
nuclear properties except for the absence of a fission-
able material. The absolute criticality was determined
as 5.48 X 10~4Ak/k per gram of U2,

3. The temperature coefficient at 39°C was deter-
mined as 0.55 grams U?¥%/°C or a Ak/kof 6.2 X 103
per degree centigrade, by varying the temperature of
the entire reactor system and observing the effect on
the control rod position.

4. The effective fraction of delayed neutrons (vf)
and the mean prompt neutron lifetime (r,) were deter-
mined by a special experiment. A cadmium absorber
connected to a crank on an electric motor was jerked
in and out of the reflector at such a repetition-rate
that the delayed neutron intensity had no time to
decay but merely produced a steady background,
while the fast neutrons were able to follow the fluctua-
tions. From an absolute calibration of the reactivity
effect of the cadmium for all crank positions and from
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Figure 1. Cross section, LOPO: (1) Cd safety curtain; (2) overflow:

(3) safety electrode; {4) level electrode; (5) Cd control rod; {6} upper

pipe; {7) stainless steel sphere containing enriched uranyl sulfate

{UOS0.,); (8) BeO refiector; (9) graphite reflector; (10) level electrode;
(11) qir pipe; (12) dump basin
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Figure 2. LOPO solution system. Fluid handling system: note, * = hoke needle valve; T = opens solenoid dump valve auvtomatically; electrical
connections not shown

the measurements of the counting rates of the gated
counters at various phase angles, the value of yf was
determined as 0.0086. For high crank velocities the
prompt neutron lifetime can be determined by the
phase lag between the counting rates and the absorber
position. A value of 135 + 20 microseconds was
determined.

5. The theoretical relation between excess reactiv-
ity (Ak) and reactor period (T) is given by the
equation

q.*T.'

Ak/k =Tp/T+0'f2m'

H

where the ¢; and =; are the respective amplitudes and
periods of the delayed neutron fractions relative to the
total number f. Substituting experimental values for
Lopo and the known delayed neutron periods gave

135 626 6287 62,600
BIE = |22 ’
Ak/k [ T Y7706 " T+22 T T+317
24420 s
tri 80.2] x 10

This equation correctly predicted the periods of the
reactor for known excess reactivity values.

6. Short time fluctuations of the neutron intensity
when Lopo was run at critical, were studied by means
of a fast recording counter and by a circuit which
permitted adjusting counting gate widths and times
between gates. These variations were found to be
much larger than for an ordinary Poisson fluctuation.

1.0 T T T T T T

APPROACH TO CRITICAL LOPO

| | 1 | | |

0 100 200 300 400 500 €00
Figure 3. Grams U235 in sphere: (1) Mn foils at sphere center; {2) U%3®
chamber 3 in. from center; (3} Mn foils at node of 3rd harmonic; (4)
BF; + Cd + Ch; outside reflector, BF; + Cd outside refiector; (5)
U238 chamber against ovter sphere surface; (6) BF; chamber outside
reflector; and (7) In foils 3 in. from sphere surface; (8) In'4 Cd foils
3 in. from sphere surfade
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Table 1l
Material Size of reflector (’;’;';ﬁ:‘;l I}",‘,'_f"

BeO 3 ft mock sphere 572 + 2
BeO-graphite 2 ft BeO cube surrounded by 114 ft of graphite shell S13+2
Graphite-BeO 18-in. graphite cube surrounded by 1 ft of BeO shell 735 + 10
Graphite-tuballoy slugs 4 ft cube of graphite and 20 slugs of tuballoy 214 in. diam- 740 + 10

eter, 214 in. long placed 12 cm from edge of sphere
Graphite 4 ft cube graphite 760 + 10
H,;0-tuballoy slugs 5 ft diameter cylinder, S ft high with 63 tuballoy discs 214 in. 1100*

X 214 in. spaced equally on a spherical surface 20 cm in

radius
H,0 5 ft cylinder, 5 ft high 1200*

* Extrapolation estimates.

7. Neutron distribution measurements taken in the
sphere and reflector were found to check theoretical
predictions.

8. Tests were made on several reflector materials to
compare their relative effectiveness. The results are
shown in Table II.

B. Power Water Boiler, Hypo, Los Alamos,
19441949

The construction of this reactor was based on the
satisfactory operation of Lopo and the fact that such a
reactor due to its small size can produce strong neutron
fluxes at moderate power. An operating level of one
kilowatt was originally chosen because: (1) the cooling
requirements were simple; (2) bubbling or frothing
due to gas evolution from the solution decomposition
products was not expected to be serious; (3) not much
additional enriched material was required and; (4)
neutron fluxes of the order of 5 X 10'° were expected.

The general design was influenced by that of the low
power experiment. The principle modification con-
sisted in eliminating the hydrostatic control and poor
geometry storage system, a precaution which no
longer seemed necessary after the experience gained in
the operation of Lopo. The new design features for
increased power operation were numerous: (1) a
change of solution from uranyl sulphate to uranyl
nitrate since an extraction method for the removal of
fission products was known only for the latter at that
time; (2) installation of additional control rods for
greater operational flexibility; (3) introduction of a
horizontal one-in. pipe or “glory hole” through the
sphere to permit access to the highest neutron flux;
(4) addition of a water cooling and an air flushing
system; (5) construction of a gamma ray and neutron
shield; (6) the addition of a graphite thermalizing
column; (7) the use of a }{g-in. thick stainless steel
sphere instead of the 14g-in. thickness used in Lopo
to provide for the possibility of a greater corrosion
rate when operating at higher fluxes and temperatures.

A simplified section through Hypo is shown in Fig.
4, The numbers in this figure point out the following
components: (1) one-foot diameter core sphere, (2)
thin walled stainless steel safety drip pan around
beryllium oxide, (3) secondary solution catcher at base
of graphite, (4) heat exchanger, (5) “glory hole” ir-

radiation port through core, (6) removable graphite
sections for experimental work.

Figure 5 shows details of the sphere assembly. After
initial operation it was found that the 157 inches long
cooling coil shown would permit operation at 5.5 kilo-
watts without exceeding the normal operating tem-
perature of 85°C. This was somewhat- higher than
expected and indicated that the bubbles formed during
operation did not decrease the effective heat ex-
changer surface area. As shown in Fig. 5, the solution
level was maintained several centimeters below the
top of the sphere in order to provide a space for solu-
tion expansion and a larger surface area for the release
of gas bubbles. Because of the explosive nature of the
hydrogen and oxygen mixture released by radiolysis
and the highly concentrated radioactive gases pro-
duced in the solution, a means of diluting and flushing-
out these gases was required. Approximately 50 cm?/
sec of filtered air was admitted through the level indi-
cator tube and discharged to a stack.

An adjustable contact type level indicator was re-
quired to determine the solution level. A fixed bubble
tube served as a solution addition tube and an abso-
lute level indicator. Initially only distilled water was
added to replace the decomposition products; but
after several hundred kilowatt hours of operation it
was observed that the reactivity of the solution had
increased considerably. Chemical analysis of the solu-
tion indicated a 30 per cent deficit in the original
nitrogen content. The uranyl nitrate was apparently
gradually being converted into basic nitrate and the
free nitrate carried off in the flushing air. At this
time it seemed desirable to remove the large drain
tube shown in Fig. 4 and replace it with a small tube
running to the top of the reactor. A rapid dump tube
did not seem necessary. The removal of this pipe
eliminated a possible trap for precipitation products
and the new }4-in. od. tube made it possible to make
additions to the solution during reactor operation.
These were made about every 35 kw-hr of operation
in the ratio of water to acid of 1.4:1. About 6 cm? of
water plus acid were required per kw-hr of operation.

The reactivity was controlled by 3 vertical cadmium
rods. Two of these had continuous selsyn position
control and one had only an in or out position. These
rods are outside and tangential to the sphere surface
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Figure 4. Hypo

as shown in Fig. 4. Cadmium sheet 3 in. wide by 30
in. long is contained in the lower portion by an alumi-
num frame. An automatic control unit attached to one
of the rods was used to eliminate small drifts in neu-
tron intensity due to convection and currents and
bubble formation in the core.

Approach to critical was done in a manner similar
to that used in Lopo. Since rather good estimates of
the critical mass could be made beforehand, a con-
siderable amount of U236 could be added initially. The
solution composition for Hypo is shown in Table III.
The critical mass was found to be 808 grams of U*®.
The normal operating mass was 870 grams U?®, This
additional material was required in order to have
sufficient Ak to override the negative temperature
coefficient of 2.6 X 10—*Ak/k per °C and have some
excess Ek for experimental purposes. The absolute
calibration of the reactor was determined to be ap-
proximately 2 X 10-*Ak/k per °C.

The thermal flux at the center of the “glory hole”
was measured with small calibrated Mn foils. It was
found to be 5 X 10'° neutrons/cm?/sec/kw.

The radioactive fission-product gases produced in
Hypo were blown by a stream of air through a long
tube whose axis was a negatively charged wire. The
various gases deposited their solid radioactive
daughters upon the wire in a manner proportional to

Table Iil. Hypo Solution Composition

oa barns per

Element Grams Moles atom

U8 869.6 3.7 640
U238 5341 22.44 12.1
N 731 52.2 1.75
0 13,780 860 0.0009
H 1312 1302 0.31
Stainless steel sphere and

cooling coil 3000 55 —-

UOZ(N03)2'6H20 + H0 = 13.65 liters
Density = 1.615
2% concentration 14.5%

their half-lives. By cutting the wire into sections and
analyzing each one for several fission products the
fraction of the fission product chains swept out of the
water boiler during normal operation was determined.
These values are shown in Table IV.

C. High Flux Water Boiler, Supo, Los Alamos,
1950-1955

This model of the water boiler resulted from rather
extensive changes in the Hypo model. Higher neutron
fluxes were desirable as well as more research facilities.

The modifications were made in two parts. The
first phase, begun in April, 1949 and completed in
February, 1950, improved the experimental facilities



377

WATER BOILER REACTORS

Ajquesso aiayds odAY ' 94nB1y
oybnoIyy |983S SSBJUINIS LyE 6dAL ((Pl4eWN

a4eyds uj wnjjey 40 2=] :8|p3¢
UOB4D La|M BpPW 8q O} SPIOM |1V 810N V -V uojoes
s1103 muu_wo 2=| :9|p2% 9|9s 9)ydp.19 mI":
si102 2-oip £8 € - g uopoes 9 ¥ 210 i
2 pjom 24y o1
S{02 2-oip—=L v _—U;-|—l
! M_.ﬂm or
suany g - wo bs = J ~Bujqm 9935 8- 81 nom.
£5E°0 SD34D [DUOJID9S - $5042 QI
- wo bs $9g°Q :pO4D |DUO|IOS \ _ plom 24Y
-55049 QO - od|d |99)s sSejuIPsS ! 1 :
al 992°0 - @O €14°0 = 1102 6u1j00d = jom 2L
¥ ala 1
LS Buigm 19038 8 =81 QI .1
€17 a5
[puoBDIp oS UO 9
; DIp WY} OS puUNOJ vo T
=jo-ano Ablis | LT\ PIoM Y2403 8uB|A}EOY
; s| aJ4oydg :010N — €
A _ plom 24Y
3|2 . 5
j9AB] pinby) WUl >~ § 10130 (109 Buj[00D
(102 Bujj00d 3dadxe | . u«o_c_ __M” u:__.oou
© ;
jee1s g - g1 nomm:_n:« ny .rn_ut on:« 4A0DIIpU] |8A8) o_a._:n
1198U| BAB9[S 1=] :9ID3§ w 1iPm l =8gn} (9938 8- 8l a—‘—
01 §§ "18A09 Jo Q- q uopdes 2 ! oqm JowoIpUI (6B 10 WENOG w
doa i 4sAls Plom 2 s $910Y 393N 4|V 4CIDD|PU]. [9AS"]
soqny [102 6u}j00D | ase — °
-2 01038 ~~ ! g} 01938 oqn3 38ju] 1109 Buj[00D
ox11o swiof 110 wiof = 10WPU] [9AD
Nm i A9A0D JO dO) 0} P|OM 48A0D JO

sl

piom o..<4| AOADD 0} 9ABa[S §§ 14osul

n|- 11y .
_lucsa 0y ebupyy L~ kt m . : 4spinoys uo s3sed Buign O ¢
N @

w plem jods
eJdeyds

nay egm Qi | JO Bujji0ued

oAoa|s poddals O3 pjom
03 T'S{ 9qn3 ({02 Bu}|00d pup

ao2L seqmy uojsuerxa 1105 6ujj00d

6 oqmy D! OAD aqn} 401DD[puU] JO BU|IJ0WED

1BA0D 0} P|oM = [8A3] Pinby) O3 Ny dowdipuy [ers o8 £ uoy 24 0j6UD naws
SPUGIXS = 5gN) J0WDIPU) 431q9nd oip2| uwo Wy o83 6up

l pouJn) seqny pupb JOAOD 830N

ADA0D JO WON0G YI|M Ysnj} powd0| $3I0H ¢
piom - aqn)} 18|30 Iy




378 VoL i P/488

USA

L. D. P. KING

Table IV. Estimated Fractions of Fission-Product Chains Swept Out of Water Boiler
During Normal Operation

Per cent swept out

Mass Fission Important solid >75% 50~ 25— 10~ 1- <1% <1%
no. gas members of chain 75% 50% 25% 10%
83 1.9 hr Kr x
85 4.6 hr Xr X
~10 yr Kr X
87 75 min Kr 6.3 X 101 yr Rb b4
88 3 hr Kr 17.5 min Rb x
89 2.6 min Kr 15 min Rb
55d Sr X b
90 33 sec Kr 30 yr Sr
60 hr Y b3 X
91 9 sec Kr 9.7 hr Sr
57dY X
(92) 3 sec Kr 2.7 br Sr
3.5hrY X
(94) 1.4 sec Kr 20 min Y x
95 2 sec Kr 11hrY35d Cb
65d Zr x
97 Kr 17 br Zr
75 min Cb x
133 5.3d Xe X
135 9.2 hr Xe 2X 104 yr Cs x
10 min Xe 2 X 104 yr Cs x X
137 3.4minXe 35yrCs X x
138 17 min Xe 33 min Cs x
139 41 sec Xe 85 min Ba x
140 16 sec Xe 12.8d Ba
40 hr La X X
141 1.7 sec Xe 18 min Ba 28d Ce
3.5hrLa x
143 1.3secXe .33 hrCe
13.8d Pr x
(144) Xe 275d Ce
17 min Pr x
(145) 1 sec Xe 1.8 hr Ce
4.5 hr Pr b4

and increased the neutron flux. The second phase,
begun in October, 1950 and completed in March,
1951, increased the thermal neutron irradiation
facilities, improved the reactor operation, and re-
moved the explosive hazard in the exhaust gases.

The first group of alterations consisted of the
following:

(1) The space around the reactor was increased by
enlarging the building so that experiments could be
carried out on all four sides instead of on only two.

(2) The construction of a second thermal column
was made possible by eliminating a removable portion
of the reactor shield. This made available a neutron
beam and irradiation facilities on a previously
unused face of the reactor.

(3) The entire spherical core assembly was replaced:

(a) Three 20-foot long, 14-in. 0.D., 0.035-in. wall
stainless steel tubes replaced the former single cooling
coil. This increased the operating power level from
5.5 kw to a maximum of 45 kw. A factor of three
higher heat transfer coefficient than predicted by
theory is believed to be primarily due to fluid agita-
tion from radiolytic-gas-bubble evolution.

(b)) A new removable level indicator and exit gas
unit was installed in the sphere stack tube. The stack

tube itself was made more accessible for future
modifications.

(c) External joints were not welded, but unions
or flare fittings were used to simplify the removal of
the sphere or permit pipe replacements.

(d) An additional experimental hole was run com-
pletely through the reactor tangent to the sphere.
This 171 ¢-in. id tube supplements the 1-in. id “glory
hole” running through the sphere.

(4) The beryllium portion of the reflector was
replaced by graphite. The all-graphite reflector
gives a more rapid and complete shutdown of the
reactor and eliminates the variable starting source
produced by the (v,%) reaction on beryllium. A 200
millicurie RaBe source placed in the reflector is
used as a start-up neutron source.

(5) Two additional vertical control rods were
added which move into the sphere volume in re-
entrant thimbles. These consist of about 120 grams
of sintered B!® in the form of 9{g-in. rods about
18 inches long. These rods gave the additional control
required by the change to an all-graphite reflector.
Previously observed shadow effects were eliminated
by the internal position of the rods and by the location
of the control chambers under the reactor.
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Table V. Effectiveness of Control Rod Materials*

Matersal Comments

Grams U2 equiv. Est. % Ak/k

Cadmium

0.015-in. cadmium 18 in. long wrapped on 0.595 ~39 1.3

od brass tube with 3{ g-in. wall. Inside length
tube 1734 in. Weight cadmium 71.7 gm; weight

brass tube 183.3 gm.

Cadmium 0.015-in. cadmium wrapped on 34-in. polystyrene ~39 1.3
rod.

Cd + paraffin  Above brass tube filled with 46.5 grams of paraffin. ~26 .87

B,C Density of B4C 1.33 weight B,C hand tamped 73.3 ~53.5 1.8
grams,

B.C + Cd Same cadmium sleeve as above. ~58 1.9

Buo 95.5% B material in above brass holder 68 grams ~68.5 2.3
B,

B Same as above. ~73.5 2.4

B 92.5 grams B! tamped into brass holder as above ~78.5 2.6
but 1834 in. long inside.

B Sintered 95.5% B0 plugs 0.555 in. diameter over- ~80.2 2.67
all length 17.9 in. B10 density 1.73; actual weight
B10 116.5 grams.

B¥ 4- Cd Above stainless tube plated with about 0.003 mil ~82.2 2.74

cadmium*

* These are actual rods in use.

(6) The reactor solution was changed from 159%,
U3 enriched uranyl nitrate to one of 88.79, enrich-
ment. This makes possible the continued use of a
low uranium concentration in the solution with the
poorer all-graphite reflector. The gas evolution pro-
duced by nitric acid decomposition is greatly reduced,
due to the lower total nitrogen content.

(7) The entire inner reactor shield was improved to
permit higher power operation with a low neutron
leakage and also to increase the neutron-to-gamma-
ray intensity in the thermal columns. Cadmium was
replaced by B4C 4 paraffin and additional steel
shielding was added.

Table V lists the observed effectiveness of various
control rod materials which were tested in order to
determine which material would be used for the
internal rods of Supo.

After operating the reactor with the above modifica-
tions for about 10,000 kw-hr at a power of 30 kw
the following (second group) alterations were made:

(1) The original south thermal column was com-
pletely rebuilt with improved shielding to provide
many more irradiation facilities.

(2) A recombination system was constructed to
handle the “off” gases from the reactor. The use of a
closed circulating gas system with a catalyst chamber
of platinized alumina removed any explosive hazard
in the exhaust gases due to the presence of hydrogen
and oxygen. The operating characteristics of the
reactor have been greatly improved by returning
directly back to the reactor as water all but a very
small fraction of the gases produced.

(3) A shielded solution-handling system was con-
structed to simplify the handling of routine solution
analysis and for the removal or change of the entire
reactor solution.

Figures 6 and 7 are vertical cuts through the north-
south central plane of the reactor. The reflector,
two thermal columns and general type of shielding

are shown. The two special transverse experimental
holes can be seen. The location of the recombination
system in the reactor shield is indicated.

Figure 8 is a schematic layout of the recombiner
system. Gas produced in the reactor, primarily
hydrogen and oxygen, is carried by the circulating
air in the system first through a vertical condenser
in the sphere stack. This condenser, which occupies
the space previously used for the level indicator,
removes most of the water and acid vapor, as well
as solution spray. From here the air passes through a
stainless steel wool trap to capture fission fragments
and entrained uranium before entering the blower.
The blower feeds the gas into one of two interchange-
able catalyst chambers containing platinized alumina
pellets. Here all the hydrogen and oxygen are recom-
bined and the gas leaving the catalyst chamber
contains the water vapor formed. A second condenser
reduces the temperature of the gas leaving the catalyst
chamber to about the same temperature as that of
the gas leaving the first condenser. Any excess pressure
produced in the circulating system can be bled into a
150-ft exhaust stack. The circulation rate (100
liters/minute) is such that the hydrogen concentra-
tion is kept below the detonation limit at all points
of the system.

Figure 9 is a bottom and side view of the sphere,
showing the internal parts. The three nesting cooling
coils are arranged so that turns are separated by
about 1 inch through the volume, except in the upper-
most 5 cm where there is no solution. The re-entrant
thimbles for the B!® control rods can be seen. The
location of the ‘“glory hole” in the final assembly
is indicated.

Figure 10 shows the sphere assembly in position
with the reflector partially constructed. The small
tube out of the bottom is used for solution addition
or removal and for routine sampling. This view is
from the new thermal column cavity looking south.
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Figure 6. North-south vertical section of water boiler {Supo model)
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Figure 7. East-west vertical section of water boiler {Supo model)
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Figure 8. Recombiner assembly (schematic)

The bismuth pier across the south thermal column
is in the background, and a portion of-the shield for
the north column can be seen under construction
in the foreground.

An exterior view of the reactor is shown in Fig. 11.
This photograph is a general view of the south face
showing the multiple irradiation ports into the south
thermal column. The entire control mechanism is
in the small rectangular structure shown on top of
the reactor.

Figure 9. Supo sphere details
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The peak thermal flux available in the “glory hole”
is 3.7 X 10" n/cm?/sec/kw. Figure 12 illustrates
Hypo and Supo neutron distributions through the
“glory hole.” The curves in Fig. 13 compares the
neutron fluxes and cadmium ratios existing in the

Figure 10. Supo core assembly
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Figure 11. South face—Supo

“glory hole”” and tangent hole. The curves in Fig. 14
shows the thermal fluxes and cadmium ratios existing
in the north thermal column from the sphere face
to the outer shield.

Nuclear plates have been used to measure the
neutron spectra emerging from the sphere with

mmmmwmaim
/Y
/
\ s P\
7
\ +
\/m>+m TAMPER
\
\
\
\
)
\
\
\
\\ L —ALL
\
5 \
\
N
\
e - AW
" ol NA
rm-s-aoo : : N
0o 20 20 8% 8 100

Figure 12. Centimeters from pile center
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Figure 13, Supo distributions

energies over 1 Mev. These can be roughly approxi-
mated by a fission spectrum. Calculations made from
fast beams emerging from the north thermal column
give the following fast flux values above 1 Mev in
units of n/cm?/sec/kw: (1) at the sphere surface
6.5 X 109, (2) at the bismuth column 1.5 X 10% and
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Figure 14. Supo north thermal column






